The acute angle produced medially when the axis of the forearm deviates laterally from the long axis of the humerus, with the arm extended and the palm facing forward, is referred t o as the carrying angle. Variations in the angle have clinical as well as pathological significance. Aim: This study was conducted to evaluate the elbow carrying angle in normal adolescents of South India and also analyze the data statistically to find out any significant difference in the angle between the different groups of subjects within the study population. Methods: 60 adolescents with ages varying from 17 to 20 years were evaluated. Carrying angles formed by the long axis of the humerus and ulna, were measured. Results: The result of the study showed that the average carrying angle was 13.6 degrees for females and 6.7 degrees for males. The length of the forearm and the carrying angle showed significant relation. Conclusion: The result of the study could be useful in the management of elbow displacement, fractures, epicondylar disease and surgical planning for elbow reconstruction.
INTRODUCTION
When the upper extremity is in the anatomic position, the long axis of the humerus and the long axis of the ulna form an acute angle medially at the elbow w h i c h i s called the carrying angle. [1] This angle is marginally greater in female than in male. The average angle in men is about 5 o whereas in women it is about 10 o to 15 o (170 o in males and 163 o -167 o laterally). [1, 2] This angle is important in w a l k i n g , swinging, and carrying objects.
The angulation is as a result of the configuration of the articulating surfaces of the humerus and ulna which produce a normal valgus angulation of the forearm in relation to the humerus. [1] The angle is usually greater in females than in males and the difference has been considered to be a secondary sexual characteristic. [3] [4] [5] [6] [7] H owever, some workers reported no significant difference in carrying angle of males and females of any age group. [8] [9] [10] The carrying angle permits the arm to swing without contacting the hips. [11, 12] Women on average have smaller shoulders and wider hips than men, which may necessitate a more acute carrying angle. [11] There is, however, extensive overlap in the carrying angle of men and women, and a sex-bias has not been consistently observed in scientific studies. [11] [12] [13] The angle is greater in the dominant limb than in the non-dominant limb of both sexes, suggesting that natural forces acting on the elbow modify the carrying angle. [14, 15] Developmental, ageing and possibly racial influences add further to the variability of this parameter. [1 4-16 ] An increase in the carrying angle is abnormal, particularly if it occurs unilaterally. If the angle is increased beyond the average, it is called cubitus valgus. [15, 17] The knowledge of carrying angle is highly significant in the management of various types of fractures of the elbow. [17] As there is a difference in opinion about the carrying angle of males and females (vide supra), the present study is designed to estimate the difference in the carrying angle of adolescent males and females of south India. The study also aims to evaluate th e relation of the carrying angle with various other parameters.
METHODOLOGY
For the present study total 60 healthy students (30 female and 30 male) of Sri Lakshmi Narayana Institute of Medical Sciences were selected. They belong to various states of South India and their ages ranged from 17 to 20 years. The carrying angles were measured using a goniometer following the methods described earlier with slight changes. [17, 18] The age, height, length of forearm and hip circumference were also recorded.
Method to Measure the Carrying Angle
The subjects were asked to stand in anatomical position (stand up straight, roll his/her shoulders back and the elbow was fully extended and the forearm fully supinated). The arms of the goniometer were kept into a straight line and the goniometer's measurement plate placed at the fulcrum of one elbow. One arm of the goniometer was aligned along the middle of the person's upper arm. The goniometer's other arm was swung/moved along until it lined up along the middle of the person's forearm. The angle was recorded from the readout on the measurement plate. The process was repeated for the other elbow.
A stature meter was used to measure the height. Height was measured from vertex to heel of the individual with bare foot in anatomical position. A measuring tape was used to measure the length of forearm and width of the Hip. T he distance between the edial epicondyle and styloid process of the ulna were recorded as length of forearm. All measurements were repeated once with the same instrument to reduce errors.
Statistical analysis
The data collected were statistically analyzed using student t-test.
RESULTS
The carrying angle values of boys and girls were showed a great variability at all ages. The mean carrying angle in boys and girls was 6.7 and 13.56 degrees respectively. The other measurements are given below in table 1. There was a significant association in the carrying angle and length of forearm among the girls. The length of forearm and the carrying angle were inversely proportional.
The other parameters like height of the individual, and width of the pelvis/waist were of not significant (table 2 and 3). 
DISCUSSION
The present study is conducted to measure the carrying angle in both girls and boys of similar age group and its relation with other parameters like height and length of forearm. It has been documented that the carrying angle is greater in females than in males and this difference is considered as a secondary sexual characteristic. [3, 4] The result of the present study is also showing a similar pattern.
In a previous study the elbow carrying angle appears not directly related to the height, weight or length of the ulna or humerus. [19] However, the present study revealed that the elbow carrying angle is higher in girls who have a short forearm/ulna, which is similar to the findings of Khare et al. [20] The variables like height of the individual, length of the arm and width of the hip are not influencing the carrying angle.
Difference between the carrying angles of the right and left sides may suggest ligamentous laxity at the medial elbow or asymmetrical bone growth. Thirty percent of professional baseball pitchers have a valgus elbow deformity-an increased carrying in the dominant elbow (10-15 degrees), which can be taken as a bony remodeling to adapt to stress. [21] Since the subjects are normal individuals in this series, such discrepancies are not noticed.
Even though changes in the carrying angle have only cosmetic value, an evaluation of the same can help the medical practitioner in the management of certain elbow disorders. In the present study 60 healthy adolescent boys and girls of ages 17 to 20 were evaluated and the a v e r a g e carrying angle was 13.6 for girls and 6.7 degrees for boys. This is supporting the fact that the carrying angle is a secondary sexual characteristic. Among the girls who have a short forearm the carrying angle was very high, which is an important finding in this study. The result of the study could be useful in the management of elbow displacement, fractures, epicondylar disease and surgical planning for elbow reconstruction.
